Introduction
Tinea capitis, an infection caused by dermatophytes, is a common childhood disease. Family members and school children are known to be at a higher risk of contracting the disease [1, 2] . This was attributed partly to the asymptomatic carrier state and contaminated fomites [3, 4] .
The carrier is defined as an individual who harbors in his ⁄ her body a specific organism of a disease without manifesting symptoms and thus acts as a carrier or distributor of the infection [5] . A semiquantitative definition of the carrier state refers to those cases with less than 10 fungal colonies in cultures as carriers, and those with more than 10 as infected cases [6] . However, most researchers accept a clinical definition of any person with no signs or symptoms of tinea capitis, but with positive scalp fungal cultures, as being an asymptomatic carrier [4, 7, 8] . Mackenzie et al. [9] were among the first to recognize this state in tinea capitis. They considered it as the most important factor responsible for the inability to detect infection and thus resulting in prevention by complete elimination of the pathogen.
Asymptomatic carriage is now considered as a major reservoir of infection [8, [10] [11] [12] and appears to be organism-specific [13] . Anthrpophilic organisms (usually Trichophyton tonsurans and T. violaceum) are thought to be associated with high rates of asymptomatic carriage [13] . These organisms generally cause varied signs of overt infection (seborrheic dermatitis -similar to tinea capitis with a mild or absent inflammatory response) and lack host response, which make them good candidates for asymptomatic carriage [14] . Zoophilic organisms such as Microsporum canis and T. mentagrophytes on the other hand, cause a strong inflammatory response, and are therefore thought to be less likely to lead to asymptomatic carriage [13] .
The prevalence of asymptomatic carriers is thought to be correlated with incidence rates of tinea capitis in the community [13] . In Spain and Italy where tinea capitis has been relatively rare, prevalence rates of the carriage state were 0.2%, and 0.3%, respectively [15, 16] . Alternatively, a prevalence of 49% was reported from South Africa where T. violaceum tinea capitis is endemic [10] . Yet the majority of studies examining populations of children at risk (i.e. those in a school or community where tinea capitis is common) have found pointprevalence rates for asymptomatic carriage to be 15% [13] .
Asymptomatic carriage has also been demonstrated in adults and children living with an index case of tinea capitis [4, 8] . The risk factors for carriage are expected to be closely parallel to those of overt infection. Although it was reported in adults, most carriage has been reported in children (especially those between 4 and 8 years) with male and female children equally affected [17] .
This study was designed to determine the prevalence of asymptomatic carrier of tinea capitis of school children in rural, refugee camps and urban communities in the Nablus district, and to determine the natural (untreated) course of asymptomatic carrier state, and characterize the spread of infection among school children. It was also aimed at quantifying and comparing spore loads of dermatophytes and non-dermatophytes in asymptomatic carriers vs. individuals with apparent infections.
Subjects, materials and methods

Subjects
A total of 8531 children aged 6-14 years, comprising 4718 males and 3813 females attending 12 primary schools in the Nablus District, were surveyed for tinea capitis infections in October 1998. The schools were selected in a way as to represent different hygienic conditions, habitats and socioeconomic backgrounds (i.e. urban area -6 schools; refugee camp -2 schools; and rural area -4 schools). First to 8th grade classes (217 classes) were chosen for examination at each school. One class of each of the 1st, 3rd, and 5th grade classes (3 classes of each of the 12 schools) were surveyed on three occasions over a 9-month period (October 1998-May 1999) for dermatophyte carriers in children.
Clinical inspection and collection of epidemiological data
The survey procedure involved clinical inspection of children's scalps, after which the number of children with clinical signs of tinea capitis was recorded. In all cases, details were taken of age, sex, parents' profession, family size and presence of animal pets or domestic animals in the child's environment.
Collection and processing of clinical specimens
Each lesion from each suspected case was thoroughly cleaned with 70% ethyl alcohol and skin scrapings and hair were collected from the edge of the lesion using heat-sterilized razor blades. Specimens were wrapped in sterile brown paper packets, and transported to the laboratory and processed the same day or within 48 h of collection. Direct microscopic examination for each specimen was performed using 10% KOH (potassium hydroxide) solution to check for the presence of hyphae and ⁄ or arthrospores.
Culture of clinical specimens and identification of dermatophytes
A portion of each specimen was cultured on two slopes of Sabouraud glucose agar (SDA) amended with chloramphenicol (0.05 mg ml ) and cycloheximide (0.5 mg ml )1 ). Cultures were then incubated at 24-25°C, regularly examined for up to 3 weeks and identified using standard methods [18] .
Determination of carriage rates of dermatophytes using the hair brush technique
Carriage rates of dermatophytes on the hair and scalps of clinically normal children attending the schools (1st, 3rd, and 5th grades; 36 classes) were assessed on three occasions (October 1998, February 1999 and May 1999) using the hair brush technique [19] . Numbers of children (aged 6-11 years comprising 1.1 males: 1 females) examined on each occasion are presented in Table 4 . Cultures from all children in a class of each of the above-mentioned grades at each school were performed. Scalp samples were collected by brushing the right and the left sides of the scalp of each child 4 times, using a commercially available massage brush that had been dipped in sterile 0.1% Tween-80. The brush was then pressed onto plates of SDA amended with chloramphenicol (0.05 mg ml )1 ) and cycloheximide (0.5 mg ml )1 ). The plates were incubated at 24-25°C, regularly examined for up to 3 weeks and total colony counts of dermatophytes and other keratinophilic fungi (equivalent to number of colony forming units retrieved) on each plate were recorded for each child. Dermatophytes were identified based on gross and microscopic morphology and by other in vitro tests, as required. A spore load system was assigned as follows: light, 1-5 colonies; moderate, 6-10 colonies; and heavy, >10 colonies.
Statistical analysis
Comparisons between asymptomatic carrier rates in classrooms with or without index cases were performed using chi square (v 2 ) test. Data on distribution of spore load categories among children were analyzed using anova test to detect for significant differences in relation to locality, season, sex and age. Means separation was carried out using Fisher's protected least significant differences (LSD), Scheffe's, or t-tests (P < 0.05).
Results
Prevalence of symptomatic tinea capitis in school children
The distribution of index tinea capitis cases (23 cases) (Table 1) showed a prevalence rate of 0.27% in school children (8531). Highest infection rate (0.43%; 11 ⁄ 2572) was found in the refugee camp population, followed by rural (0.2%; 5 ⁄ 2461) and urban children (0.2%; 7 ⁄ 3498). A higher proportion of tinea capitis cases were encountered in males (0.38%; 18 ⁄ 4718) than in females (0.13%; 5 ⁄ 3813). Differences in the distribution of tinea capitis cases between age groups showed that the highest proportion of these cases (47.8%; 11 ⁄ 23) was found in the age group 10-12 years old, whereas the lowest proportion (4.3%; 1 ⁄ 23) was found in the age group >12 years old.
Etiological agents isolated from symptomatic tinea capitis cases
Two etiological agents were isolated from tinea capitis cases: T. violaceum and Microsporum canis. The most prevalent agent was T. violaceum (anthropophilic) being recorded in 19 out of 23 cases (82.6%) followed by M. canis (zoophilic) which was observed in 4 cases (17.4%) ( Table 2) .
Distribution of asymptomatic tinea capitis scalp carriers and their carriage of dermatophytes
Distribution of asymptomatic tinea capitis scalp carriers and their carriage of dermatophytes in the surveyed school children are presented in Tables 3 and 4. A total of 32 asymptomatic carriers (carriage rate ¼ 0.78%) were detected. The highest carriage rate was found in refugee camp school children (1.52%) followed by rural (0.7%) and urban (0.54%) children (Table 3) . Carriage rate was higher in winter ranging from 1.02 to 3.01% in the different communities, than in spring (0.3-1.5%) and autumn (0-0.24%) ( Table 3) . Six dermatophytes species were isolated from asymptomatic carriers ( Table 3 ). The most prevalent species recovered was M. canis (65.6%; 21 ⁄ 32), followed by T. tonsurans (12.5%; 4 ⁄ 32), M. nanum (9.4%; 3 ⁄ 32), T. violaceum (6.3%; 2 ⁄ 32), T. concentricum and Epidermophyton floccosum (3.1% each; 1 ⁄ 32).
Carriage rate was higher in male children (1.02%; 22 ⁄ 2165) than in females (0.51%; 10 ⁄ 1954) (Table 4) . Also, carriage rate was higher in younger children, <10 years old (0.9%; 24 ⁄ 2762) than in older children, >10 years old (0.6%; 8 ⁄ 1357) ( Table 4) .
Results on spore load distribution in asymptomatic carriers
Results on spore load distribution in asymptomatic carriers showed that 96.9% (31 out of 32) had a spore load of 1-10 colonies per carrier, and only 3.1% (1 out of 32) of carriers had a spore load of >10 colonies per carrier (Table 5) .
Weak correlation was found in both asymptomatic carriers and index cases between spore load of dermatophytes and non-dermatophytes (Table 6 ). However, proportions of children with spore load of >10 spores ⁄ carrier of both dermatophytes and non-dermatophytes were higher in index cases (4.3% and 17.4%, respectively) than for those in asymptomatic carriers (3.1% and 3.1%, respectively).
Discussion
Symptomatic tinea capitis among school children
The present study demonstrates a lower prevalence rate (0.27%) of symptomatic tinea capitis among school children in the Nablus area than previously reported (1.0%) for 1996 from the same area [20] . Infact the tinea capitis prevalence rate decreased between 1996 and 1998, by 10, 3, and 2 folds in rural, refugee camp and urban school children, respectively. This could be attributed to improvements in hygienic and socioeconomic conditions in the study area. However, a comparison of the results on etiological agents of tinea capitis from the current work with those obtained previously from school children from the same area [20, 21] , revealed that the anthropophilic dermatophyte T. violaceum continues to be the predominant etiological agent of tinea capitis in the Nablus district (49.8% of total isolates in 1986, 72.6% in 1996, and 82.6% in the present study). This is particularly important, because T. violaceum is an endothrix, Wood's lamp is not useful in diagnosis and infection is often difficult to eradicate. On the other hand, a decrease was noted in the role of zoophilic dermatophyte M. canis, as a causative agent of tinea capitis, from 31.8% in 1986 to 23.8% in 1996, to 17.4% in the present study. The present findings are, obviously, in agreement with recent observations made by Leeming & Elliott [22] , Hay et al. [6] , Wilmington et al. [23] and Ali-Shtayeh et al. [20] , who reported a significant rise in the incidence of infections due to anthropophilic dermatophytes and decreasing importance of zoophilic dermatophytes. The rise of anhropophilic fungi in school children in the study area means that there has been a trend toward more infections transmissible among children, with T. violaceum being the dominant dermatophyte [20] . These fungi seem to become increasingly more prominent as scalp ringworm causative agents in this area and there is sufficient evidence to indicate that these changes in anthropophilic and zoophilic dermatophytes reflect a continuing trend. This may be partly attributed to environmental factors, human migratory patterns, new therapies, the pathogen and the host [24] .
A higher incidence of scalp ringworm disease in children aged 6-12 years (0.33%; 22 ⁄ 6760) than in children aged 12-14 (0.06%; 1 ⁄ 1771) and a higher incidence in boys (0.38%) than in girls (0.13%) in the current work, conform to the widely held view that the majority of cases occur in younger children [20, 25, 26] and that boys are more affected than girls [27] . This has been mainly attributed to the sensitivity of dermatophytes to certain sebaceous gland secretions that first appear at puberty and persist into adulthood, especially in males [25] .
Dermatophyte carriers among school children
The presence of dermatophytes on healthy scalps and hair of school children is considered as a potential source of infection [4, 10, 28, 29] . Their presence probably plays an important role in the spread and persistence of tinea capitis among this group of children at an age group most susceptible to the disease. It is therefore important to identify the carriers of pathogenic dermatophytes and potentially pathogenic keratinophilic fungi in schools where children spend most of their time. In populations of school children, asymptomatic carrier rates have been reported in countries where T. violaceum is the primary dermatophyte responsible for tinea capitis (0.4% in Italy, 24.5% in Nigeria) [16, 30] . Prevalence of asymptomatic carriers has been reported to correlate well with the amount of tinea capitis in the community. Thus, in Spain and Italy where tinea capitis has been relatively rare, the prevalence of scalp carriage was 0.2% and 0.3%, respectively [15, 16] . Similarly, in our group of school children, (tinea capitis rate ¼ 0.27) the carriage rate was 0.78%. In contrast, higher prevalence rates (49%) of asymptomatic carriage have been reported in areas where T. violaceum tinea capitis is endemic [10] . Also, in the USA where T. tonsurans is prevalent, the carrier rates range from 8% to 15% [8, 31] .
Higher scalp carriage rates (12-30%) were recorded by Midgley & Clayton [32] in classes with clinically infected cases than in classes with no index cases (1-5%). In the latter work, fungal spores shed from a clinically infected child were thought to be responsible for transient contamination of the scalp in uninfected children, however the carrier rate decreased and eventually disappeared. However, the results of Williams et al. [7] did not substantiate these findings, where mean carrier rate for classes without index cases was higher than the mean rate for classes containing index cases. Also, in our work we did not detect index cases in classes with carriers. This would suggest that, in our population and that of Williams, index cases were not the primary means of transmission of spores to individuals within classrooms.
Although cultures outside this school population were not performed, it is possible that children not attending the school and other family members, including adults, may have contributed to the asymptomatic carriers pool at the surveyed schools. Infact, some authors [8, 33] indicated that the family home might be an even more important source of infection than the schools.
The asymptomatic carrier state has been shown to persist in 10-25% of carriers for as long as 6 weeks to 8 months [10, 30, 31] . In our carriers, spontaneous clearing took place within 3-4 months.
Our results indicate that carriage rate was higher in younger than in older children. This finding is inconsistent with the findings of Hay et al. [6] , Williams et al. [7] and Figuaroa et al. [17] , who indicated that most carriage was in children especially those between the ages of 4-8 years old. Our results also indicate that carriage rate was higher in male than in female children, which is in consistent with the fact that carriage rate correlates well with the amount of tinea capitis in the population (prevalence rate of index cases was higher in males 0.37%, than in females 0.14% in this study). However, our results did not substantiate the findings of other researchers [13] , who indicated that male and female children are equally affected.
The present results also indicate that carriage rate was higher in winter months than in spring and autumn months -this can be attributed to higher humidity during winter months, which favors fungal growth and less frequent hair-washing in this season due to cold weather conditions. Carriage rate is also higher in refugee camp children than rural and urban children -this can be attributed to differences in socioeconomic and hygienic conditions in different localities, with lower socioeconomic and hygienic conditions prevailing in refugee camps.
Anthropophilic organisms usually, T. tonsurans or T. violaceum, have been generally associated with high rates of asymptomatic carriage [14] . This was attributed to relative lack of host response and hence these fungi were thought to be good candidates for asymptomatic carriage. On the other hand, zoophilic dermatophytes, such as M. canis, cause stronger host response and are therefore thought to be poor candidates for asymptomatic carriage [13] . However, our results did not substantiate these findings. In fact, asymptomatic carriage in our population of school children was caused mainly by the zoophilic dermatophyte M. canis (65.6%), followed by anthropophilic dermatophytes (T. tonsurans, T. violaceum, T. concentricum, and E. floccosum) (25%) and the geophilic dermatophyte M. nanum (9.4%).
Epidermophyton floccosum was reported to cause sporadic cases of tinea capitis [27, 34, 35] and to cause asymptomatic carriage [36] . This again proves that this dermatophyte is capable of, in vivo, parasitization of hair.
Clayton & Midgley [37] found that dermatophyte carriers in their school population had only 1-10 colonies isolated from their scalps, while index cases produced much higher number of colonies. Williams et al. [7] also obtained similar results by using a semiquantitative system. These results indicated that asymptomatic carriers of T. tonsurans, who had low spore loads and were likely to lose their carrier state, were transiently colonized with spores. Alternatively carriers who had very high spore loads and were more likely to remain culture positive over time may have had heavy colonization or an occult infection producing numerous spores. Our results are in agreement with those of Williams, where approximately 97% of our carriers had a spore load of less than 10 colonies per carrier; 3% of the carriers had spore load of >10 colonies ⁄ carrier. However, asymptomatic carriers with high spore load may be a more important vector in the transmission of tinea capitis than index cases, because they have the potential to shed a large number of spores over a longer period of time (as long as carrier status remains undetected) [7] .
As an individual with a persistent carriage can be a source of infection and re-infection for all classroom mates, it is necessary that a consistent follow-up should be performed [8] . It is therefore recommended that the carrier state be eradicated by treating all individuals with positive cultures from the scalp with oral antifungal agents [38] .
